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Description

Field of the Invention

[0001] The present invention relates to a method of
obtaining digital images related to geographic locations
using a moving vehicle. In particular, the method relates
to an automated method for acquiring a plurality of digital
images into a computer and relating those images to a
GPS position enhanced using a measurement of dis-
tance traveled by the vehicle between GPS co-ordinate
fixes.

Background

[0002] Geographically linked images provided as a da-
tabase are useful in, for example, real estate marketing,
municipal property tax assessment, utility company asset
inventory collection, map-related visual cues for use in
navigation or advertising, virtual tours of a neighborhood,
etc. These images are desirably taken from a surface
level perspective using a high resolution digital camera
in order to create a digitally appealing result that can be
displayed in a wide range of sizes and levels of image
compression. Due to the large number of images being
acquired in order to build a useful database, it is desirable
to collect the images quickly using a moving vehicle, for
example an automobile, boat, motorcycle, etc. To mini-
mize the cost and time associated in building and updat-
ing the image database, it is desirable to employ teams
of relatively unskilled workers using vehicles that are
rented or leased for a short period of time in a particular
location (e.g.: a particular city). Training time and vehicle
modification are therefore to be avoided. The system
should use commercially available components wherev-
er possible, be portable, easy to repair and easy operate.
[0003] Previous attempts to automate image collection
have employed video cameras. The audio track in the
video recording is normally used to store position or time
information in association with the images. The low qual-
ity image resolution provided by inexpensive video cam-
eras limits the usefulness of the acquired images and it
is desirable to avoid the cost and complexity of more
expensive video cameras. Furthermore, it is difficult in
practice to relate the location of a particular frame or se-
ries of frames in a video to an accurate geographic loca-
tion, further limiting the usefulness of such a system. Ex-
amples of video based mobile image acquisition systems
are disclosed in the following US Patents: 5,633,946;
6,335,754; 6,363,161; 6,571,052, 6,741,790; and,
6,950,120. Video cameras acquire images continuously
while in operation and no discrete photo request is need-
ed to instruct the camera to acquire an image at a par-
ticular location.
[0004] In acquiring a large number of surface level dig-
ital images, it is desirable to use a moving vehicle
equipped with a computer system including automated
image collection software that relates the images to ge-

ographic position data; however, there are a number of
difficulties encountered in creating and implementing
such a system. Although the global positioning satellite
(GPS) system offers geographic position data, the accu-
racy of the system is limited; this accuracy is reduced in
a moving vehicle, since commercial GPS equipment re-
ports position on an averaged basis and samples too
infrequently to provide accurate position data while in
motion. The low sampling rate also makes it difficult to
predict the spacing (distance) between images as a func-
tion of time only, which introduces problems during post-
processing. It is therefore desirable to enhance the GPS
position data in order to obtain an accurate image location
and spacing. Examples of systems for enhancing GPS
location of moving vehicles, albeit not in connection with
image acquisition, are provided in the following US Pat-
ents: 6,061,627; and, 5,796,613.
[0005] In addition, it is desirable in such a system to
use a commonly available digital camera to reduce sys-
tem cost and to provide easy replacement in the event
of camera malfunction. These cameras typically store
the images within localized digital memory and do not
commonly transmit the images to a computer in real-time;
the transmission of images is made even more difficult
when high resolution images are acquired, since the size
of these images creates additional delay during transfer.
The images stored locally on the camera cannot pres-
ently be tagged with the position data stored on the com-
puter. A method of relating the separately stored image
and position data is therefore needed. Examples of sys-
tems using still cameras are provided in the following US
Patents: 7,155,336; and, 6,233,523.
[0006] US Patent 7,155,336 discloses a system using
synchronized time clocks on the camera and computer
in order to later correlate the time-indexed images with
time-indexed position information; however, synchroni-
zation between devices adds complexity to the system
and can introduce image position errors if not maintained
continuously. It is worthwhile noting that the use of syn-
chronized clocks obviates the need for storing photo re-
quests or responses on the computer for later use in cor-
relating time values between the camera and computer.
[0007] US Patent 6,233,523 relies on manual entry of
house number information by an observer, either verbally
or using a keyboard, to correlate images and position
information; therefore, it is not necessary to store photo
requests or responses for later linking of this information.
When still image cameras are employed, it is described
that the vehicle is stopped in front of each location where
it is desired to acquire an image; images are therefore
not acquired from a moving vehicle, which limits overall
throughput.
[0008] US 5,517,419 discloses a terrain mapping sys-
tem and a method for mapping terrain, the system com-
prising a field system; a global positioning system receiv-
er mounted on the field system for receiving field system
position information from a global positioning system sat-
ellite; a dead reckoning system, mounted on the field
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system and comprising a wheel encoder, an attitude sen-
sor, and a roll potentiometer connected to determine and
provide geographic reference data relative to the field
system; and a navigation system comprising computer
logic for correlating the position information from the glo-
bal positioning receiver and the geographic reference da-
ta from the dead reckoning system to determine and
record a data collection position of the field system; the
global positioning receiver and the dead reckoning sys-
tem operating concurrently to provide continuous field
system position and velocity vector information.
[0009] US 2005/0182518 A1 discloses a method in a
visual simultaneous localization and mapping (VSLAM)
system of updating a map in a robust manner, the method
comprising: using visual features to recognize landmarks
in an environment; maintaining the map of the visually-
recognized landmarks, where the map comprises land-
mark poses associated with landmarks; receiving an in-
dication that a new landmark L has been observed; re-
trieving dead reckoning measurements observed from a
prior pose; receiving an indication of whether the dead
reckoning measurements are trustworthy; at least par-
tially in response to determining that the dead reckoning
measurements are trustworthy, then performing: using
the dead reckoning measurements and the prior pose to
compute a landmark pose for the new landmark L; asso-
ciating the computed landmark pose with the new land-
mark L; and storing the landmark pose and the associa-
tion to the new landmark L to update the map; and, at
least partially in response to determining that the dead
reckoning measurements are not trustworthy, then not
updating the map with the new landmark L.
[0010] US 2006/0271287 A1 discloses a method for
providing directions between a first location and a second
location, comprising: determining a route between the
first location and the second location; providing direction
details of the route, wherein at least one of the direction
details includes a link to an image representative of that
direction detail; and providing a map with the route graph-
ically emphasized on the map.
[0011] Since a moving vehicle may not always travel
in a straight path, the orientation of the camera can
change, making it difficult to correct the image to a con-
sistent perspective. It is therefore desirable to collect in-
formation on camera orientation and relate that informa-
tion to the image being collected in order to simplify image
perspective correction.
[0012] In order to overcome some or all of the above
problems in the art, an improved method of acquiring
geographically related digital images is needed.

Summary of the Invention

[0013] According to an aspect of the present invention,
there is provided a method of obtaining digital images
related to geographic locations according to claim 1.
[0014] According to another aspect of the present in-
vention, there is provided a system for obtaining digital

images related to geographic locations according to
claim 10.
[0015] The vehicle, which is used in the method ac-
cording to claim 1 and/or which is comprised in the sys-
tem according to claim 10, may be a land vehicle. The
distance measurement means may comprise a rotating
wheel, for example a ground-engaging wheel or the like.
The distance measurement means may function by pro-
viding a count of the number of rotations of the rotating
wheel and, knowing the circumference of the wheel,
thereby enable calculation of distance traveled by the
wheel. The distance measurement means may provide
a scalar and/or a vector measurement of distance. The
distance measurement means may comprise a pair of
laterally spaced apart independently rotating wheels,
with the distance measurement means able to provide
simultaneous measurements from each wheel; in this
case, the difference in distance traveled by each wheel
may be used to determine a change in vehicle orientation.
The change in vehicle orientation may comprise the di-
rection in which the vehicle has turned and the number
of degrees in the turn and may be used to determine a
distance vector for the vehicle.
[0016] To enhance the accuracy of the position of the
photos and to obtain a camera orientation at the time the
photo was taken, the change in vehicle orientation and
the distance measurements may be used to iteratively fit
a path traveled by the vehicle between the first and sec-
ond geographic positions from the GPS transceiver. A
plurality of GPS co-ordinate fixes may be used in obtain-
ing the first and second geographic positions for use in
this path fitting operation, which is preferably conducted
during post-processing to reduce demand for on-board
computational resources. The path may be comprised of
a plurality of segments, each terminating with a vehicle
location and orientation. These path segments may be
associated with a time value obtained from the computer
so that the location and orientation of the vehicle may be
recreated at any historical point in time.
[0017] The camera may comprise a high-resolution
digital still-image camera. The camera may have a res-
olution of at least 6 megapixels (MP), more preferably at
least 8 MP, yet more preferably at least 10 MP. The cam-
era may comprise at least two cameras oriented in op-
posite directions laterally of the vehicle. Each photo re-
quest may be directed to all cameras simultaneously.
Each camera may use a normal rectilinear field of view
or have a lens with a field of view with an angle of view
suitable to capture the objects of interest on the camera’s
CCD given the available camera positions on the vehicle.
Adjacent photos may comprise overlapping visual ele-
ment. The digital photos taken by the camera may be
stored on the computer or on the camera itself. The digital
photos may be stored in association with a camera time
value.
[0018] The photo requests, camera responses to such
requests, geographic positions and distance measure-
ments may be stored on the computer and in association
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with a computer time value. A post-processing operation
may be performed to associate or correlate each photo
with the photo request used to generate that photo. An
aspect of this operation may be to identify additional or
missing photographs that do not correspond to a photo
request (or vice versa). The post-processing operation
may comprise identifying and comparing specific fea-
tures and landmark within the time series of camera re-
sponses and EXIF times. This operation transforms the
local camera time to the computer time via a piecewise
affine transformation. A computer time value from the
photo request or response may then be assigned to the
photo. The computer time value assigned to the photo
may additionally comprise a lag value to account for time
differences between the generation of the photo request
and the taking of the photo. The computer time value of
the photo may be compared with a computer time value
of a path segment to determine the position and orienta-
tion of the vehicle at the time the photo was taken.
[0019] The photos may be corrected to a rectilinear
perspective based on at least the orientation of the ve-
hicle at the time the photo was taken and the field of view
of the lens. The geographic location of the photo may be
determined using the first and second geographic posi-
tions and the vehicle location on the path. Either the un-
corrected or the corrected photos may be stored in as-
sociation with the geographic location of the photo, for
example on a server accessible via the internet.
[0020] The foregoing method is particularly suitable for
use with an automobile. In one embodiment, the distance
measurement means comprises wheel speed sensors
connected to two opposite wheels of the automobile, for
example two rear wheels. The automobile may be
equipped with two laterally oriented cameras facing in
opposite directions mounted to the roof of the vehicle
using a removable roof rack system and operatively in-
terconnected with a portable computer located within the
vehicle using either a wireless or wired connection. The
system is particularly well suited to taking photos at a
variable rate of speed, preferably in the range of 25 km/h
to 40 km/h and more preferably higher where local motor
vehicle regulations permit.
[0021] The method of the present invention provides
the following advantages. Commercially available com-
ponents (e.g.: digital camera, automobile, wheel speed
sensors, etc.) are utilized, which reduces cost and does
not require a dedicated vehicle to be used. A rental ve-
hicle may be non-permanently modified quickly and in-
expensively and may be readily repaired by replacement
of defective components. This permits short duration da-
ta acquisition activities to take place in a particular geo-
graphic location with any number of rented vehicles. The
equipment and method are easy to setup and operate,
which allows relatively unskilled operators to be em-
ployed. A geographic location can be assigned to each
photo with enhanced position accuracy as compared with
GPS alone. Consistent spacing between images is ob-
tained by measuring distance directly using the distance

measurement means. Camera orientation information is
obtained for use in correcting the perspective of the im-
ages. This information may be associated with the pho-
tos, even if the photos are stored separately from the
computer. Images may be acquired at relatively high
speed, thereby reducing the time required to build a da-
tabase of geographic images. These advantages impart
significant commercial value to the method.

Brief Description of the Drawings

[0022] Having summarized the invention, preferred
embodiments thereof will now be described with refer-
ence to the accompanying figures, in which:

Fig. 1 a schematically shows a vehicle including a
computer connected to a roof-mounted camera, a
GPS transceiver and a first embodiment of a dis-
tance measurement means;
Fig. 1b schematically shows a vehicle including a
computer connected to a roof-mounted camera, a
GPS transceiver and a second embodiment of a dis-
tance measurement means;
Fig. 2 schematically shows a distance measurement
means useful in calculating a change in vehicle ori-
entation;
Fig. 3 illustrates a path traveled by a vehicle while
navigating around an obstacle comprising a plurality
of path segments; and,
Fig. 4 shows the number of photos taken per unit of
camera time plotted with the number of photo re-
quests generated per unit of computer time.

Detailed Description

[0023] Referring to Figs. 1a and 1b, a vehicle 1 is
shown comprising an automobile having removably
mounted to its roof two oppositely oriented laterally facing
cameras 2 (only one of which is shown), each equipped
with a wide-angle (fish-eye) lens having a field of view of
greater than 180°. The cameras are operatively intercon-
nected with a computer 3, for example a notebook com-
puter located inside the vehicle 1, via a control box (not
shown) able to convert signals sent over a USB connec-
tion to conventional shutter release commands receiva-
ble by the cameras 2. Each camera is a digital still-image
camera having a resolution of at least 6 megapixels (MP),
preferably at least 8 MP, and stores the photos or images
that it takes within electronic memory, for example within
an on-board electronic memory card such as a Compact
Flash™ (CF), Secure Digital™ (SD) or other suitable
memory card. Since the rate of digital photo acquisition
can be in the range of 2-5 images/s, the camera and
electronic memory are able to handle at least this rate of
data transfer for images of size 1 megabyte (MB) and
greater. It is noted that many modern digital still-image
cameras can acquire video and digital video cameras
can acquire still images; however, any camera which is
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used for (or intended for use in) acquiring still (non-video)
images is considered to be a still-image camera within
the meaning of the present invention, regardless of its
ability to perform other functions. Non-limiting examples
of suitable cameras 2 include the Canon EOS 20D™,
EOS 30D™, Nikon D300™, etc. Use of commercially
available and readily removable cameras is preferred,
as it allows for ease of replacement and repair to minimize
down time and cost in the event of a camera malfunction.
The computer 3 is also interconnected with a GPS trans-
ceiver 4. The GPS transceiver 4 is preferably located
within the computer 3, but may alternatively be present
in a separate device, for example a portable GPS device
or an on-board vehicle navigation system. The GPS
transceiver 4 may rely on an internal or externally mount-
ed antenna, depending in part on the available strength
of GPS signals. The GPS transceiver 4 provides first and
second geographic position information to the computer
3 that may be interpreted as latitude and longitude co-
ordinates mapped to the WGS-84 geoid. These co-ordi-
nates typically provide a position accuracy of about 10
m and are deliverer at intervals of a few seconds. How-
ever, for certain applications, it is desirable to acquire
images at precise intervals of less than 10 m, which trans-
lates to an acquisition rate of greater than one image per
second. In this case, it is not possible to generate accu-
rate photo location data relying on GPS alone.
[0024] A means for measuring distance 5 is intercon-
nected with the computer 3 for use in refining the location
of each photo and the interval between photos. The dis-
tance measurement means 5 preferably comprises a ro-
tating wheel and more preferably comprises a pair of lat-
erally spaced apart independently rotating wheels each
able to deliver its own distance measurement. In Fig 1a,
the distance measurement means 5 comprises a wheel
speed sensor (not shown) connected to each of the ve-
hicle’s rear wheels 6. These wheel speed sensors are
often provided by the manufacturer as part of a vehicle’s
anti-lock braking system and/or traction control system;
however, if a suitable wheel speed sensor is not availa-
ble, an aftermarket wheel speed sensor can be installed.
A wheel speed sensor typically provides a count of the
number of rotations of the wheel to which it is connected.
If the circumference of the wheel is known, then the dis-
tance travelled by the wheel may be determined based
on the number of rotations. Fig. 1b shows an alternative
embodiment of a distance measurement means 5 com-
prising a pair of laterally spaced apart independently ro-
tating wheels 7, each equipped with a wheel speed sen-
sor (not shown), mounted to the rear of the vehicle 1
using a conventional trailer hitch receiver (not shown).
This embodiment of the distance measurement means
5 is particularly useful in situations where a vehicle
equipped with anti-lock brakes or traction control is un-
available or where it is not possible to obtain data from
existing wheel speed sensors.
[0025] Referring to Fig. 2, a distance measurement
means 5 comprising two independently rotating laterally

spaced apart wheels is shown in greater detail. The prob-
lem is cast as a error minimization in a multi-variate
space. There are a number of unknown parameters that,
when properly adjusted, will yield minimal error for a so-
lution. In the preferred implementation, this is a six di-
mensional space. The space is not quadratic and there-
fore local minima in the error surface are known to exist.
When the solver finds such a local minimum, either the
operator must adjust the weights and or positions of the
landmarks and resolve or utilize other means to correct
the data. The six free parameters in the solver, solved
on a local region of approximately 100 photos, are the
ratio of right wheel and left wheel diameters; the number
of sensor pulses per meter; the effective track width of
the vehicle; and the three components of the initial posi-
tion of the data series in the Cartesian space along with
initial heading. The first wheel 8 has a diameter d1 and
the second wheel 9 has a diameter d2. The circumference
of each of the wheels 8, 9 can be calculated using the
diameters d1, d2, respectively. The centerlines of the
wheels 8, 9 are spaced apart by a distance w. Each of
the wheels 8, 9 is equipped with a wheel speed sensor
that delivers a count of the number of rotations of each
wheel. When the vehicle orientation changes, for exam-
ple when turning a corner or navigating around an ob-
stacle, one of the wheels 8, 9 rotates more often over a
particular time interval (faster) than the other wheel. In
the embodiment shown, the wheel 9 rotates more often
than the wheel 8 when making the depicted turn. Since
the distance between the wheels w is fixed, the difference
in the distance travelled by each wheel may be used to
calculate a change in vehicle orientation θ, relative to the
vehicle’s initial orientation. By incorporating a suitable
error minimization algorithm, such as Levinburg-Mar-
quardt, it is possible to combine variable quality GPS
data with higher quality local wheel sensor data to inter-
polate the position of the vehicle. This interpolation is
further refined by employing a physical of the vehicle and
restricting free parameters within strict ranges in absolute
value and in their rate of change over time.
[0026] Referring to Fig. 3, a path travelled between the
first 10 and second 11 geographic positions may be de-
termined using the measurement of distance travelled
obtained from the distance measurement means 5. The
path comprises a plurality of path segments 12, each of
fixed distance and comprising an associated vehicle ori-
entation. The distance or length of each path segment is
selected based on the images being acquired, particu-
larly the distance between the subject of the image and
the camera. For urban settings where it is desirable to
acquire street-level images of real estate in association
with its geographic location, one convenient length is
about 4.6 m (15 ft). Once it is determined by the computer
3 that this pro-determined distance has been travelled
from the location of the first geographic position 10
(based upon measurements obtained from the distance
measurement means 5), a photo request is generated
by the computer. The photo request is transmitted over
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the USB connection to the cameras 2 via the control box
and a photo is taken by each camera and electronically
stored. In this way, the spacing between photos is kept
constant, irrespective of the speed of the vehicle, which
simplifies post-processing of the photos. In addition,
when the vehicle is stopped, no images are acquired,
which leads to memory savings as compared with a con-
tinuous-shooting (e.g. movie) camera. The determination
of pre-determined distance travelled, generation of photo
request and photo-taking steps are repeated for each
path segment until the second geographic position 11 is
reached. The second geographic position 11 then be-
comes the first geographic position for the next subse-
quent series of path segments and the process is repeat-
ed. The photo requests, distance measurements from
each wheel and geographic position information are suc-
cessively stored in an electronic database, indexed by
the time at which they were generated.
[0027] In calculating the path travelled by the vehicle
1, the distance measurements are used to calculate a
change in vehicle orientation associated with each path
segment, as previously described. The last known vehi-
cle orientation associated with the first geographic posi-
tion 10 is used as a starting point for determining the
effect of changes in vehicle orientation on the overall path
of the vehicle. In this way, a path that comprises a sig-
nificant course deviation caused by, for example, the
need to navigate around an obstacle, such as the parked
cars 13, can be accurately determined. Since there is a
certain amount of uncertainty associated with the first
and second geographic positions 10, 11, the path is iter-
atively fitted between the two endpoints until the most
accurate co-ordinate fix for the endpoints is obtained; as
a result, the accuracy of the first and second positions is
enhanced by the fitting process. The use of two geo-
graphic positions to anchor the endpoints of the path also
limits the cumulative effect of any error in the distance
measurements obtained from the distance measurement
means 5. This enhances the accuracy of path fitting be-
tween the two relatively closely spaced endpoints. The
geographic position and orientation of the vehicle 1 at
any particular point in time can therefore be accurately
reconstructed through this path-fitting process.
[0028] Since the distance measurements and geo-
graphic positions are stored in a database by the com-
puter 3, the time basis associated with the reconstructed
path is the computer’s system time. Since the computer
3 is able to periodically update its system time using the
GPS transceiver (which receives highly accurate time
measurements from the GPS satellite system), the sys-
tem time is quite accurate. However, the photos them-
selves are typically electronically stored in association
with a time value obtained from the camera 2, which may
have a time basis that differs from that of the computer
3. The time bases of the computer 3 and camera 2 may
differ in their absolute value (clock setting) or in their time
interval. For example, at 35 km/h a tenth of a second
difference in time basis translates to 1 m of position in-

accuracy; this effect is cumulative for each path segment
and can lead to substantial errors along the entire path.
It is therefore important to correlate the camera time basis
with the computer time basis in order to obtain accurate
photo location data.
[0029] One means of correlating the camera and com-
puter time bases is provided by matching a digital land-
mark obtained from the camera with a similar landmark
obtained from the computer. The time series data taken
from the image EXIF time and the local computer time
are discretized after a power-law transformation to com-
press temporally distant quantities (which tend to drift)
and reduce the impact of relatively small errors in larger
quantities. To illustrate, referring additionally to Fig. 4,
plotting the number of images per second acquired by
the camera versus time (denoted on the figure as 14)
provides a fingerprint that varies in height as the vehicle
speed changes. The plot includes intervals having zero
height when the vehicle is stopped and may include
abrupt V-shaped formations (denoted generally on the
figure as 15) if the camera misses a particular photo due
to malfunction, buffer saturation, etc. Note that, at speeds
of from 1 to 65 km/h and pre-determined distance inter-
vals of about 4.6 m, the number of images per second
varies between about 2 and 5. Plotting the number of
photo requests per second generated by the computer
on the same axes results in a plot (denoted as 16) having
a similar overall appearance; however, the plot 14 will
generally lag the plot 16, due to elapsed time between
generation of the photo request and the actual taking of
the photo, and could be stretched if a slight difference in
time interval exists between the camera 2 and the com-
puter 3. This lag and/or difference can be quantified by
comparing camera time values of a plurality of photos
with computer time values of a plurality of photo requests.
The time series data is then compiled into a vector rep-
resentation of the time series by slicing the time series
into a number of grouped photographs separated by suit-
ably long-duration periods in which photos were not tak-
en. These are compared and a set of affine transforma-
tion coefficients are recovered over non-overlapping win-
dows of data which then collectively provide a piecewise
linear transformation from camera to computer time.
[0030] Once the time basis of the photos is corrected,
each photo can then be resolved to the specific photo
request used to generate that photo This is generally
accomplished by matching the computer time value of
the photo with the computer time value of the closest
photo request; however, over a prolonged period of data
acquisition, it can become difficult to match the two ac-
curately if significant correction to the camera time basis
was necessary. Inconsistencies in the plot 14 caused by
missed images (V-shaped formations 15) and zero or
low value intervals where the vehicle is stopped or turning
a corner, can be used to re-initialize the comparison proc-
ess, since the photo and photo request immediately fol-
lowing these inconsistencies can be readily identified and
matched with one another. This improves the overall ac-
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curacy of matching between photos and photo requests.
Once the matching process is complete, the computer
time value obtained from the photo request can be as-
sociated with its respective photo. A lag value can be
optionally re-introduced, thereby resulting in a highly ac-
curate computer time value relating to when the photo
was actually taken.
[0031] Since the path is comprised of a plurality of seg-
ments that terminate with a vehicle location and orienta-
tion at a particular computer time value, the accurate
computer time value of the photo can be used to retrieve
location and orientation information for the photo from
the path. Due to the fish-eye lens used to obtain a wide
angle field of view, straight lines in an image appear
curved when viewed in two dimensional space. In order
to correct the images to a rectilinear perspective, both
the field of view of the lens and the orientation of the
camera at the time the image was taken are used to pro-
vide a centered perpendicular or "head-on" image orien-
tation. In this way, successive streetscape images ac-
quired by the vehicle all have the same perspective, even
if the vehicle had to change orientation significantly to
circumvent an obstacle, such as the parked cars 13. This
provides consistency when adjacent images are viewed
in succession and even allows successive images to be
stitched together if so desired. To aid in this stitching and
to provide image overlap should one or more of the im-
ages be lost due to camera malfunction, buffer saturation,
etc., it is desirable that adjacent images contain overlap-
ping visual elements. This is accomplished through use
of a lens having a field of view greater than 180 degrees
and by selection of an appropriate pre-determined dis-
tance between images.
[0032] By taking photos using two oppositely oriented
laterally facing cameras, a single photo request may be
used to generate images along both sides of a route being
travelled. This allows a particular route to be travelled
only once for a series of photos along both sides of the
route. Since the cameras are essentially perpendicular
to the route being travelled, knowledge of the vehicle
orientation at any point along the path allows the orien-
tation of both cameras to be determined for use in per-
spective correction as previously described.
[0033] A system according to the present invention in-
cludes the elements as described with reference to Figs.
1a and 1b, namely a vehicle 1 having thereon a computer
3 interconnected with a GPS transceiver 4, a distance
measurement means 5 for providing a measurement of
distance traveled by the vehicle and operatively intercon-
nected with a digital camera 2 mounted on the vehicle.
In a preferred embodiment, the vehicle is an automobile
and has two laterally oriented cameras facing in opposite
directions mounted thereto, preferably on the roof thereof
to raise the height of the cameras above street-level ob-
stacles. The computer 3 preferably comprises a note-
book computer operatively interconnected with the cam-
eras 2 using a USB connection via a control box able to
generate shutter release commands. The distance

measurement means 5 preferably comprises a pair of
laterally spaced apart independently rotating wheels,
each equipped with a wheel speed sensor for simultane-
ously generating a measurement of distance traveled by
each wheel. In one embodiment, the distance measure-
ment means 5 utilizes on-board wheel speed sensors
associated with each of the rear wheels 6 of the vehicle
1. In another embodiment, the distance measurement
means 5 utilizes a separate pair of laterally spaced apart
independently rotating wheels 7 mounted to the rear of
the vehicle using a conventional hitch receiver.

Claims

1. A method of obtaining digital images related to ge-
ographic locations, the method comprising:

(a) providing a moving vehicle having thereon a
computer interconnected with a GPS transceiv-
er and a distance measurement means for pro-
viding a measurement of distance traveled by
the vehicle, the computer operatively intercon-
nected with a digital camera mounted on the ve-
hicle;
(b) receiving into the computer a first geographic
position from the GPS transceiver;
(c) receiving into the computer a measurement
of distance traveled from the distance measure-
ment means;
(d) determining when a pre-determined distance
has been traveled by the vehicle based on the
measurement of distance;
(e) generating a photo request for the digital
camera at the pre-determined distance;
(f) taking a digital photo based on the photo re-
quest;
(g) repeating steps c) through f);
(h) receiving into the computer a second geo-
graphic position from the GPS transceiver;
(i) storing the photos, photo requests, first and
second geographic positions and distance
measurements; characterized in that each
photo is stored in association with a camera time
value and wherein each photo request, geo-
graphic position and distance measurement is
stored in association with a computer time value.

2. The method of claim 1, wherein the distance meas-
urement means comprises a pair of laterally spaced
apart independently rotating wheels, the distance
measurement means simultaneously providing
measurements from each wheel.

3. The method of claim 2, wherein the method further
comprises:

(j) calculating a difference in the distance meas-
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urements from the two wheels;
(k) calculating a change in vehicle orientation
based on the difference; and,
(l) using the change in orientation and distance
traveled, iteratively fitting a path traveled by the
vehicle between the first and second geographic
positions.

4. The method according to claim 3, wherein each pho-
to is associated with the photo request used to gen-
erate that photo by comparing camera time values
of a plurality of photos with computer time values of
a plurality of photo requests.

5. The method according to claim 4, wherein the meth-
od further comprises determining a computer time
value associated with each photo based on the com-
puter time value of the photo request plus a lag value.

6. The method according to claim 5, wherein the path
is comprised of a plurality of segments that terminate
with a vehicle location and orientation at a particular
computer time value.

7. The method according to claim 6, wherein the meth-
od further comprises determining the vehicle loca-
tion and orientation at the time each photo was taken
based on the path segment corresponding to the
computer time value of the photo.

8. The method of claim 7, wherein the method further
comprises correcting each photo to a rectilinear per-
spective based on at least the orientation of the ve-
hicle and a field of view of the lens.

9. The method of any one of claims 1 to 8, wherein the
digital photos are adjacent to one another and share
overlapping visual elements.

10. A system for obtaining digital images related to ge-
ographic locations comprising a vehicle having ther-
eon a computer interconnected with a GPS trans-
ceiver and a distance measurement means for pro-
viding a measurement of distance traveled by the
vehicle, the computer operatively interconnected
with a digital camera mounted on the vehicle, where-
in the system is configured to:

(a) receive into the computer a first geographic
position from the GPS transceiver;
(b) receive into the computer a measurement of
distance traveled from the distance measure-
ment means;
(c) determine when a pre-determined distance
has been traveled by the vehicle based on the
measurement of distance;
(d) generate a photo request for the digital cam-
era at the pre-determined distance;

(e) take a digital photo based on the photo re-
quest;
(f) repeat steps c) through f);
(g) receive into the computer a second geo-
graphic position from the GPS transceiver;
(h) store the photos, photo requests, first and
second geographic positions and distance
measurements; characterized in that
(i) each photo is stored in association with a cam-
era time value and wherein each photo request,
geographic position and distance measurement
is stored in association with a computer time val-
ue.

11. The system of claim 10, wherein the vehicle com-
prises an automobile and wherein the distance
measurement means comprises a wheel speed sen-
sor connected to each of the automobile’s rear
wheels.

12. The system of claims 10 or 11, wherein the digital
camera is a still-image camera with a resolution of
at least 6 megapixels.

13. The system of any one of claims 10 to 12, wherein
the digital camera is equipped with a lens having a
field of view of at least 180º.

14. The system of any one of claims 10 to 13, wherein
the vehicle is equipped with at least two digital cam-
eras oriented in opposite directions to one another
and wherein each photo request is directed to all
cameras.

Patentansprüche

1. Verfahren zum Erhalt von digitalen Bildern mit Bezug
auf geographische Positionen, umfassend:

(a) Bereitstellen eines sich bewegenden Fahr-
zeugs mit einem Computer, der mit einem GPS-
Transceiver verbunden ist, und mit einer Entfer-
nungsmesseinrichtung zum Bereitstellen einer
Messung einer von dem Fahrzeug gefahrenen
Entfernung, wobei der Computer wirksam mit
einer Digitalkamera verbunden ist, die auf dem
Fahrzeug montiert ist;
(b) Empfangen einer ersten geographischen
Position von dem GPS-Transceiver auf den
Computer;
(c) Empfangen einer Messung einer gefahrenen
Entfernung von der Entfernungsmesseinrich-
tung auf den Computer;
(d) Bestimmen auf der Grundlage der Entfer-
nungsmessung, wann von dem Fahrzeug eine
vorgegebene Entfernung gefahren worden ist;
(e) Erzeugen einer Fotoanforderung für die Di-
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gitalkamera bei der vorgegebenen Entfernung;
(f) Aufnehmen eines digitalen Fotos auf der
Grundlage der Fotoanforderung;
(g) Wiederholen der Schritte c) bis f);
(h) Empfangen einer zweiten geographischen
Position von dem GPS-Transceiver auf den
Computer;
(i) Speichern der Fotos, Fotoanforderungen,
ersten und zweiten geographischen Positionen
und Entfernungsmessungen; dadurch ge-
kennzeichnet, dass
jedes Foto in Verbindung mit einem Kameraze-
itwert gespeichert wird, und wobei jede Fotoan-
forderung, geographische Position und Entfer-
nungsmessung in Verbindung mit einem Com-
puterzeitwert gespeichert wird.

2. Verfahren nach Anspruch 1, wobei die Entfernungs-
messeinrichtung ein Paar seitlich beabstandeter un-
abhängig drehender Räder umfasst, wobei die Ent-
fernungsmesseinrichtung gleichzeitig Messungen
von jedem Rad liefert.

3. Verfahren nach Anspruch 2, wobei das Verfahren
ferner umfasst:

(j) Berechnen einer Differenz der Entfernungs-
messungen von den zwei Rädern;
(k) Berechnen einer Änderung der Fahrzeugo-
rientierung auf der Grundlage der Differenz und
(l) iteratives Anpassen einer von dem Fahrzeug
gefahrenen Strecke zwischen der ersten und
zweiten geographischen Position unter Verwen-
dung der Änderung der Orientierung und der ge-
fahrenen Entfernung.

4. Verfahren nach Anspruch 3, wobei jedes Foto mit
der Fotoanforderung verbunden wird, die verwendet
wird, um dieses Foto zu erzeugen, indem Kamera-
zeitwerte von mehreren Fotos mit Computerzeitwer-
ten von mehreren Fotoanforderungen verglichen
werden.

5. Verfahren nach Anspruch 4, ferner umfassend ein
Bestimmen eines Computerzeitwerts, der mit jedem
Foto verbunden ist, auf der Grundlage des Compu-
terzeitwerts der Fotoanforderung zuzüglich eines
Verzögerungswerts.

6. Verfahren nach Anspruch 5, wobei die Strecke aus
mehreren Segmenten besteht, welche mit einer
Fahrzeugposition und -orientierung bei einem be-
stimmten Computerzeitwert enden.

7. Verfahren nach Anspruch 6, ferner umfassend ein
Bestimmen der Fahrzeugposition und -orientierung
zu der Zeit, als das jeweilige Foto aufgenommen
wurde, auf der Grundlage des Streckensegments,

welches dem Computerzeitwert des Fotos ent-
spricht.

8. Verfahren nach Anspruch 7, ferner umfassend ein
Korrigieren jedes Fotos auf eine geradlinige Pers-
pektive auf der Grundlage wenigstens der Orientie-
rung des Fahrzeugs und eines Sichtfelds der Linse.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei
die digitalen Fotos benachbart zueinander angeord-
net sind und überlappende visuelle Elemente auf-
weisen.

10. System zum Erhalt von digitalen Bildern mit Bezug
auf geographische Positionen, umfassend ein Fahr-
zeug mit einem Computer, der mit einem GPS-Tran-
sceiver verbunden ist, und einer Entfernungsmess-
einrichtung zum Bereitstellen einer Messung einer
von dem Fahrzeug gefahrenen Entfernung, wobei
der Computer wirksam mit einer Digitalkamera ver-
bunden ist, die auf dem Fahrzeug montiert ist, wobei
das System dazu ausgelegt ist:

(a) eine erste geographische Position von dem
GPS-Transceiver auf den Computer zu empfan-
gen;
(b) eine Messung einer gefahrenen Entfernung
von der Entfernungsmesseinrichtung auf den
Computer zu empfangen;
(c) auf der Grundlage der Entfernungsmessung
zu bestimmen, wann von dem Fahrzeug eine
vorgegebene Entfernung gefahren worden ist;
(d) eine Fotoanforderung für die Digitalkamera
bei der vorgegebenen Entfernung zu erzeugen;
(e) ein digitales Fotos auf der Grundlage der Fo-
toanforderung aufzunehmen;
(f) die Schritte c) bis f) zu wiederholen;
(g) eine zweite geographische Position von dem
GPS-Transceiver auf den Computer zu empfan-
gen;
(h) die Fotos, Fotoanforderungen, ersten und
zweiten geographischen Positionen und Entfer-
nungsmessungen zu speichern; dadurch ge-
kennzeichnet, dass
(i) jedes Foto in Verbindung mit einem Kamera-
zeitwert gespeichert wird, und wobei jede Foto-
anforderung, geographische Position und Ent-
fernungsmessung in Verbindung mit einem
Computerzeitwert gespeichert wird.

11. System nach Anspruch 10, wobei das Fahrzeug ein
Automobil umfasst und wobei die Entfernungsmes-
seinrichtung einen Radgeschwindigkeitssensor um-
fasst, der mit jedem der Hinterräder des Automobils
verbunden ist.

12. System nach Anspruch 10 oder 11, wobei die Digi-
talkamera eine Standbildkamera mit einer Auflösung
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von mindestens 6 Megapixeln ist.

13. System nach einem der Ansprüche 10 bis 12, wobei
die Digitalkamera mit einer Linse ausgerüstet ist, die
ein Sichtfeld von mindestens 180° aufweist.

14. System nach einem der Ansprüche 10 bis 13, wobei
das Fahrzeug mit mindestens zwei Digitalkameras
ausgerüstet ist, die in einander entgegengesetzte
Richtungen ausgerichtet sind, und wobei jede Foto-
anforderung an alle Kameras gerichtet wird.

Revendications

1. Procédé d’obtention d’images numériques liées aux
positions géographiques, le procédé comprenant
de :

(a) fournir un véhicule en mouvement sur lequel
se trouve un ordinateur interconnecté avec un
émetteur/récepteur GPS et un moyen de mesu-
re de distance pour fournir une mesure de dis-
tance parcourue par le véhicule, l’ordinateur
étant interconnecté opérationnellement avec
une caméra numérique montée sur le véhicule ;
(b) recevoir dans l’ordinateur une première po-
sition géographique provenant de l’émetteur/ré-
cepteur GPS ;
(c) recevoir dans l’ordinateur une mesure de la
distance parcourue provenant du moyen de me-
sure de distance ;
(d) déterminer quand une distance prédétermi-
née a été parcourue par le véhicule sur la base
de la mesure de distance ;
(e) générer une demande photo pour la caméra
numérique à la distance prédéterminée ;
(f) prendre une photo numérique sur la base de
la demande photo ;
(g) répéter les étapes c) à f) ;
(h) recevoir dans l’ordinateur une seconde po-
sition géographique provenant de l’émetteur/ré-
cepteur GPS ;
(i) mémoriser les photos, demandes photos,
première et seconde positions géographiques
et mesures de distance ; caractérisé en ce que
chaque photo est mémorisée en association
avec une valeur temporelle de caméra et dans
lequel chaque demande photo, position géogra-
phique et mesure de distance est mémorisée en
association avec une valeur temporelle d’ordi-
nateur.

2. Procédé selon la revendication 1, dans lequel le
moyen de mesure de distance comprend une paire
de roues tournant indépendamment espacées l’une
de l’autre latéralement, le moyen de mesure de dis-
tance fournissant simultanément des mesures pro-

venant de chaque roue.

3. Procédé selon la revendication 2, dans lequel le pro-
cédé comprend en outre de :

(j) calculer une différence dans les mesures de
distance d’après les deux roues ;
(k) calculer un changement d’orientation du vé-
hicule sur la base de la différence ; et
(l) utiliser le changement d’orientation et la dis-
tance parcourue, en ajustant itérativement un
trajet parcouru par le véhicule entre la première
et la seconde positions géographiques.

4. Procédé selon la revendication 3, dans lequel cha-
que photo est associée à la demande photo utilisée
pour générer cette photo en comparant les valeurs
temporelles de caméra d’une pluralité de photos
avec des valeurs temporelles d’ordinateur d’une plu-
ralité de demandes photos.

5. Procédé selon la revendication 4, dans lequel le pro-
cédé comprend en outre de déterminer une valeur
temporelle d’ordinateur associée à chaque photo sur
la base de la valeur temporelle d’ordinateur de la
demande photo plus une valeur de décalage.

6. Procédé selon la revendication 5, dans lequel le tra-
jet est constitué d’une pluralité de segments qui
aboutissent à une position et orientation de véhicule
à une valeur temporelle d’ordinateur particulière.

7. Procédé selon la revendication 6, dans lequel le pro-
cédé comprend en outre de déterminer la position
et l’orientation de véhicule chaque fois qu’une photo
a été prise sur la base du segment de trajet corres-
pondant à la valeur temporelle d’ordinateur de la
photo.

8. Procédé selon la revendication 7, dans lequel le pro-
cédé comprend en outre de corriger chaque photo
via une perspective rectilinéaire sur la base d’au
moins l’orientation du véhicule et un champ de vision
de la lentille.

9. Procédé selon une quelconque des revendications
1 à 8, dans lequel les photos numériques sont adja-
centes l’une à l’autre et partagent des éléments vi-
suels superposés.

10. Système d’obtention d’images numériques liées aux
positions géographiques, comprenant un véhicule
sur lequel se trouve un ordinateur interconnecté
avec un émetteur/récepteur GPS et un moyen de
mesure de distance pour fournir une mesure de dis-
tance parcourue par le véhicule, l’ordinateur étant
interconnecté opérationnellement avec une caméra
numérique montée sur le véhicule, dans lequel le
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système est configuré pour :

(a) recevoir dans l’ordinateur une première po-
sition géographique provenant de l’émetteur/ré-
cepteur GPS ;
(b) recevoir dans l’ordinateur une mesure de la
distance parcourue provenant du moyen de me-
sure de distance ;
(c) déterminer quand une distance prédétermi-
née a été parcourue par le véhicule sur la base
de la mesure de distance ;
(d) générer une demande photo pour la caméra
numérique à la distance prédéterminée ;
(e) prendre une photo numérique sur la base de
la demande photo ;
(f) répéter les étapes c) à f) ;
(g) recevoir dans l’ordinateur une seconde po-
sition géographique provenant de l’émetteur/ré-
cepteur GPS ;
(h) mémoriser les photos, demandes photos,
première et seconde positions géographiques
et mesures de distance ; caractérisé en ce que
(i) chaque photo est mémorisée en association
avec une valeur temporelle de caméra et dans
lequel chaque demande photo, position géogra-
phique et mesure de distance est mémorisée en
association avec une valeur temporelle d’ordi-
nateur.

11. Système selon la revendication 10, dans lequel le
véhicule comprend une automobile et dans lequel le
moyen de mesure de distance comprend un capteur
de vitesse de roue connecté à chacune des roues
arrière de l’automobile.

12. Système selon les revendications 10 ou 11, dans
lequel la caméra numérique est une caméra à image
immobile avec une résolution d’au moins 6 méga-
pixels.

13. Système selon une quelconque des revendications
10 à 12, dans lequel la caméra numérique est équi-
pée d’une lentille ayant un champ de vision d’au
moins 180°.

14. Système selon une quelconque des revendications
10 à 13, dans lequel le véhicule est équipé d’au
moins deux caméras numériques orientées dans
des positions opposées l’une à l’autre et dans lequel
chaque demande de photo est envoyée vers toutes
les caméras.
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